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Close Approach of Asteroid 2012 DA14, Feb. 15, 2013 
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Chelyabinsk Airburst, Feb. 15, 2013 

~20-meter asteroid, 500 kt of energy released at ~30 km altitude 

90 km 

30 km 25 km 
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Chelyabinsk: Final Approach Trajectory 
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Bolide Events 1994 - 2013 

Chelyabinsk 
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Number of Near-Earth Asteroids (NEAs) 

12,754 NEAs 
Currently 
Known 
(~1200/year) 
 
6640 are 
larger than 
~140m in 
diameter 
 
872 are larger  
than ~ 1 km  
in diameter 
 
1596 are 
Potentially 
Hazardous 
Asteroids 
(PHAs) 
 

Start of NASA NEO 
Observation Program 
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Orbits of over 1400 Potentially Hazardous Asteroids (PHAs) 
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NASA NEO Program Office Activities 

• Compute high precision orbits for all known NEOs 

• Provide high precision ephemeris computation service (Horizons) 

• Maintain a Small Body Database for all asteroids and comets, with 

an on-line query capability 

• Predict close approaches to Earth (and other planets) 

• Assess potential risk of collision with Earth by computing impact 

probabilities over 100 years (Sentry) 

• Maintain the NEO Human spaceflight Accessible Targets Study 

(NHATS) table 

• Create hypothetical impact exercise scenarios 

• Post results at  http://neo.jpl.nasa.gov and http://ssd.jpl.nasa.gov 

 

 



NEO Program Office Data Flow 



http://neo.jpl.nasa.gov 



Impact Monitoring Systems 
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• Two systems now automated at JPL 

Sentry, operating since 

2002, is public and scans 

for potential impacts of 

confirmed discoveries for 

100 years into the future 

NEOCP Scan is private 

and scans for potential 

impacts of unconfirmed 

objects 15 days after 

detection 



First Predicted NEA Impact: 2008 TC3 

• Discovered by Catalina Sky Survey 

at 1.25 LD, 19 hr before impact 

• Within ~5 hrs, routine processing 

at Minor Planet Center determined 

that an impact was likely; MPC 

contacted JPL and NASA HQ 

• The object was clearly very small 

and would likely break up on entry 
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2008 TC3 Timeline, Oct. 5-6, 2008 



Predicted Impact Location: N. Sudan 

• The very first orbit solution at 

JPL indicated 100% probability 

of impact in North Sudan 11 

hours before impact 

• Initial 3-sigma impact ellipse 

major and minor axes:  

64 x 6 km 

• Later, impact ellipse shrank to 3 

x 0.3km 

• Impact at a low elevation angle 

• What altitude to define impact?? 
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Impact Site in N. Sudan 
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(from Jenniskens et al. Nature paper) 



Ground Track & Locations of Finds 

 

 

 

 

 

 

 

 

• Ground track from 2008’s best reconstructed solution (#15) 

• Many of the downtrack meteorite finds are 1-2 km south 

• Proper inclusion of Earth J2 moves the ground track 1.3 km south 
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NEA Population and Impact Frequency vs. Size 
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~109 TC3-sized 

objects in the 

population, 

impacting about 
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Predicted Impact Region for 2014 AA 
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JPL prediction shown in blue, infrasound estimate shown in red 



Impact Scenario for the 2015 PDC 

 

 

 

 

 

 

 

 

• Discovery ~7 years before impact 

• After one full year of tracking, the risk corridor still extends more than 

halfway around the world 

• Without time for a characterization missions, the object size remains 

very uncertain: 150 to 400m 



Orbit of Asteroid 2015 PDC 

Distance from 

Sun varies from 

0.9 AU to 2.6 AU 

 

Orbital period is 

864 days 

 

This is a 

Potentially 

Hazardous 

Asteroid (PHA), 

since the MOID is 

very small 

(0.0001 AU) 



Current Position Uncertainty in 2022 



Uncertainty Region in 2022 



Uncertainty Region in 2022 



Uncertainty Region in 2022 



Design Your Own Deflection Mission 

http://neo.jpl.nasa.gov/nda 

Read overview 

 

Start the app 

 

Take a tour of the 

app using the 

2015 PDC 

scenario 



Updated Nominal Impact Trajectory 



Updated Risk Corridor for PDC Fragment 



Impact Footprint Several Months Before Impact 


